The Qinghai-Tibet Plateau area (QTP) is the most unique environmental-population region and an important natural laboratory for the study of human-land relations. The poor transportation conditions have long restricted socio-economic development. The research on the transport infrastructure and spatial effect in the QTP is of significance to the sustainable development of the region. Accordingly, a spatial accessibility model was used to analyze the spatial pattern of accessibility in QTP from 1976-2016, examine the accessibility evolution trend on the township scale and reveal the spatial fairness and changes in accessibility. The main conclusions are as follows: (1) The accessibility to major cities improved and the time-space convergence effect was significant. (2) The spatial autocorrelation analysis results showed that the improvement in transport infrastructure had a significant impact on the agglomeration of the accessibility level. (3) Access time from towns to the nearest major city are much shorter. More Tibetan people have more opportunities to access cities. (4) The accessibility coefficient and relative accessibility revealed distributive effects and spatial fairness of accessibility. (5) The global coefficient of variation value demonstrated an increasing trend, which indicates that spatial unfairness of transport is increasing.
Introduction
Transport infrastructure is a necessary prerequisite for promoting regional social and economic development and is a key factor in regional cohesion [1] . Transport construction and network expansion play vital roles in the future development of a region. Accessibility is an important measure of transport networks, used to measure the interaction potential between cities and towns [2] . Harris first measured accessibility using the market potential model in 1954 [3] . Then in 1959, Hansen studied the impact of accessibility on land use [4] . Transport fairness, brought about by the development of the transport network, is closely related to many social issues, such as the number of jobs available and the time spent in public transport [5] . Accessibility has been gradually recognized as an indicator of transport fairness [6] [7] [8] . Transport fairness is derived from the study of fairness and justice in other fields [7] , in which "fairness" is regarded as the core component of "justice" [9, 10] .
The research on transport fairness is mostly concentrated on population distribution, investment and public facilities but the concept does not have a single, widely accepted definition [11] [12] [13] . In identifying transport fairness, two broad methods to conceive fairness are well-recognized: social fairness and spatial fairness [14] . The first is viewed from a social perspective, wherein vulnerable 
Data Sources and Processing
In this study, the Qinghai-Tibet Plateau area data were sourced from the National Earth System Scientific Data Sharing Service Platform. Administrative division data were obtained from the Resources and Environment Science Data Center of Chinese Academy of Sciences. The traffic road network data were based on the national database at a 1:25,000 scale (Table 1) (2011) and Practical Chinese Atlas (2017), which were published by China Map Publishing House. To avoid the "isolated island" effect, transport networks within a 100 km buffer area outside the study area were also included in this study. JTGB01-2003) , the road and other roads in different years were assigned different speed values by analyzing existing research [49] and the characteristics of the study area ( Table 2 ). In order to calculate the accessibility, the ordinary road network was first completely intersected and then the highway entrances and exits and train stations were connected with the 
In this study, the Qinghai-Tibet Plateau area data were sourced from the National Earth System Scientific Data Sharing Service Platform. Administrative division data were obtained from the Resources and Environment Science Data Center of Chinese Academy of Sciences. The traffic road network data were based on the national database at a 1:25,000 scale (Table 1) . Vector data for transport networks in different years were obtained through vectorization of atlases from different periods, including the China Atlas (1976), China Traffic Album (1981), China Traffic Album (1987), China Traffic Album (1990), New Chinese Traffic Album (1996), China Traffic Album of New Century (2001), China Traffic Album (2006), Chinese Atlas (2011) and Practical Chinese Atlas (2017), which were published by China Map Publishing House. To avoid the "isolated island" effect, transport networks within a 100 km buffer area outside the study area were also included in this study. [49] and the characteristics of the study area (Table 2) . In order to calculate the accessibility, the ordinary road network was first completely intersected and then the highway entrances and exits and train stations were connected with the ordinary road network to obtain the shortest accessibility time between nodes. Air transport and water transport were not considered in this study. 
Methodology
We explored the distributive effects and spatial fairness of transport from the perspective of accessibility. Accessibility is a widely used concept in geography but its definition and modeling are often different. In view of different research targets, accessibility models mainly include distance accessibility, opportunity accessibility, economic accessibility and the gravitational model based on spatial interaction. We studied the accessibility of the region to the major city and emphasized the difficulty of using a traffic system to reach the destination from a given location, which is the horizontal fairness of the transportation system [50] . As such, the accessibility was calculated using the time accessibility model. Accessibility analysis can be used to estimate the distributive effects and spatial fairness of transport, which is defined as the accessibility change generated by the development of the transport network in different regions [51] .
Spatial Accessibility Model
With ArcGIS ® network analysis model, we obtained the shortest time between nodes [41, 52] . The shortest time of nodes i is defined as T i , which denotes the difficulty of node i using transportation systems to reach the given destinations. The calculation model is as follows:
where t ij is the shortest time spent between town i and the major city j and n is the number of major cities in the region. The lower the value of T i value, the more convenient the traffic connection.
Spatial Autocorrelation Analysis
In this study, the global Moran's I index and local Moran's I index are used for spatial autocorrelation analysis [53] [54] [55] . The global Moran's I index is used to reflect the overall correlation and difference degree of the observed values of spatially adjacent regional units. The Global Moran's I index is generally (−1, 1). A positive value indicates positive spatial correlation, namely, its distribution is spatially clustered; a negative value indicates a negative spatial correlation, meaning its spatial distribution is scattered; and a value of 0 indicates that there is no spatial correlation, meaning the spatial distribution is random. Global Moran's I index is a global assessment of spatial autocorrelation that cannot reflect the degree of correlation between a sub-region and its peripheral sub-regions. Thus, local spatial autocorrelation analysis must be conducted. The local indicators of spatial association (LISA) of each observation value is an index reflecting the spatial aggregation of each value with its spatially adjacent observation value, which can decompose the global spatial correlation coefficient 
For the ith regional unit, Moran's I's LISA formula is:
where T i represents the accessibility time of the township i, m represents the number of spatial units involved in the analysis and W ij is the spatial weight matrix, indicating the adjacent relation of the town i and j. If it is adjacent, W = 1; otherwise, it is 0.
Measurement Methods of Distributive Effects
We can learn from Pyrialakou et al. [13] , Condeço-Melhorado et al. [56] , Jin et al. [57] and Xu et al. [58] and characterize the distributive effects of transport infrastructure by the accessibility coefficient and relative accessibility. These indicators can accurately reflect the status of the entire transport network.
The accessibility coefficient refers to the ratio of the transportation cost of town i to the average transport cost of all towns in the region:
where C i is the accessibility coefficient, T i is the shortest time spent between town i and the nearest major city and n is the number of towns in the region. The accessibility coefficient can be used to illustrate the relative accessibility level of nodes in the whole transport network. The smaller the accessibility coefficient, the better the accessibility. C i > 1, indicates that the accessibility level of the node is below the regional average level; if C i < 1, the accessibility level of the node is better than the regional average level. Relative accessibility can better reflect the trend in node accessibility level and the status of nodes in the development of the transport network. The formula is as follows:
where RA i is the relative accessibility value of node i, the greater the value, the greater the degree of accessibility of the network affected by the development of the transport network. T i(t+1) is the accessibility value of node i in (t + 1) year; T i(t) is the accessibility value of node i in year t; T t+1 is the average accessibility of all nodes in the transport network in (t + 1) year; and T t is the average accessibility of all nodes in the transport network in year t.
Measure of Accessibility Spatial Fairness
The construction and development of the transport infrastructure will improve the efficiency of accessibility but there is also a situation in which the townships along the important arterial traffic benefit more than the townships far away. Therefore, the coefficient of variation and the standardized Sustainability 2019, 11, 589 6 of 16 value is used in previous studies for measure and the evaluation of the state of accessible space allocation [59] [60] [61] . The general formula of the transport fairness measure is as follows:
where CV represents the global coefficient of variance, T represents the mean of global accessibility time, n represents the number of the township in the region and T i is the accessibility value of township i. The higher the CV, the more unfair the situation, which indicates that the gap in the accessibility level between towns increases which is a kind of negative influence on transportation development. Conversely, it indicates that fairness is a positive influence and the spatial allocation of accessibility is more equitable.
Results and Analysis

Spatial Pattern of Accessibility in Qinghai-Tibet Plateau Area
As the inverse distance weighting (IDW) model is a weighted distance average, the average cannot be greater than the highest or less than the lowest input [62, 63] and accessibility is closely related to the distance [2] . By calculating the shortest time from any place in the Qinghai-Tibet Plateau area to 32 major cities, we used spatial interpolation and the IDW model in ArcGIS software to obtain the spatial pattern and characteristics from 1976 to 2016. Generally speaking, the accessibility of the Ali-Qiangtang Plateau-Ruoqiang area was relatively poor. Due to the construction and development of the transport network over many years, the traffic delays between towns and major cities have gradually declined and the spatial difference in the accessibility level was also reduced. Major transport infrastructure significantly improved the regional accessibility, especially after the opening of the Qinghai-Tibet Railway.
As can be seen in Figure 2 , the longest accessibility time from any place within the study area to the nearest major city decreased from 288.70 h to 206.37 h between 1976 and 1986. The accessibility time of the region dropped further to 192.47 h between 1986 and 1991, which was mainly due to the change in the quality of roads and the division of main roads and general roads into national roads, provincial roads and county roads [64] . By 1996, the maximum accessibility time to reach a major city had reduced to 156.67 h. After the introduction of "China Western Development" in 2000, traffic development entered a new stage. With the continuous extension of the Qinghai-Tibet Railway and highways and the longest accessibility time to the nearest major city dropped to 115.48 h in 2001. By 2016, the maximum accessibility time from any place in the study area to the nearest major city had fallen to 24.51% compared to 1976 and the average accessibility time had decreased to 8.35 h. The improvement in the accessibility to the nearest major city promotes social, economic and cultural and health links between the towns and these cities, improving the overall development of the whole region as well as the living standards of local residents. accessibility level between towns increases which is a kind of negative influence on transportation development. Conversely, it indicates that fairness is a positive influence and the spatial allocation of accessibility is more equitable.
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Spatial Pattern of Accessibility in Qinghai-Tibet Plateau Area
As can be seen in Figure 2 , the longest accessibility time from any place within the study area to the nearest major city decreased from 288.70 h to 206.37 h between 1976 and 1986. The accessibility time of the region dropped further to 192.47 h between 1986 and 1991, which was mainly due to the change in the quality of roads and the division of main roads and general roads into national roads, provincial roads and county roads [64] . By 1996, the maximum accessibility time to reach a major city had reduced to 156.67 h. After the introduction of "China Western Development" in 2000, traffic development entered a new stage. With the continuous extension of the Qinghai-Tibet Railway and highways and the longest accessibility time to the nearest major city dropped to 115.48 h in 2001. By 2016, the maximum accessibility time from any place in the study area to the nearest major city had fallen to 24.51% compared to 1976 and the average accessibility time had decreased to 8.35 h. The improvement in the accessibility to the nearest major city promotes social, economic and cultural and health links between the towns and these cities, improving the overall development of the whole region as well as the living standards of local residents. There are a few major cities in the Qinghai-Tibet Plateau area, with only 14 cities at the county-level city and above. The Qiangtang Plateau and Hoh Xil are far from the city, while the surrounding major cities are mainly distributed along the Hexi Corridor (Gansu Province) and Chengdu Plain (Sichuan Province). The spatial pattern for accessibility to major cities from 1976 to 2016 (Figure 3 ) shows that areas with relatively good accessibility were mainly distributed in the Huangshui River Valley (major cities are Xining and Haidong), the Middle Region of "One River and Two Streams" in Tibet (the Yarlung Zangbo River, Lhasa River and Nyang River Valleys; major cities are Lhasa, Shigatse, Shannan and Linzhi) and areas with poor accessibility levels were Ngari, Western Nagqu and Western Shigatse. From the perspective of spatial accessibility change, from 1976 to 1981, the areas with good accessibility level to major cities (≤10 h) were mainly located in the areas surrounding major cities and a small number of regions with high accessibility level had formed in the relatively concentrated areas of Xining-Haidong and other cities. The shortest time from the Ngari-Qiangtang Plateau-Hoh Xil-Ruoqiang area to the nearest major city was more than four days (about 100 h). From 1986 to 1996, the Golmud-Delingha-Xining-Haidong-Linxia-Hezuo, Shigatse-Lhasa-Shannan-Linzhi and Maerkang-Kangding areas gradually formed in the northeast, south and southeast of the Qinghai-Tibet Plateau area and the accessibility level of Ngari had improved significantly. After 2000, the accessibility level of the region to major cities continued to improve and good accessibility (≤20 h) rapidly expanded with the development of important traffic arteries. Especially after the opening of the Golmud-Lhasa section of the Qinghai-Tibet Railway in 2006, the accessibility level of Hoh Xil and the other major cities greatly improved. After that time the access time from Ngari, which is far from the nearest major city, decreased to 70.76 h. 
Evolution Trend of Accessibility at Township Level
Using ArcGIS zoning statistical functions, we obtained the average accessibility of 1972 town administrative units in the Qinghai-Tibet Plateau area over the study period. GeoDa software was applied to analyze the accessibility level of township units in the study area. After the spatial autocorrelation analysis of the accessibility values of townships in nine particular years (Table 3) , we found that Moran's I index is greater than 0.95 (p < 0.05), indicating that the change in accessibility and adjacent units is positively related, the statistical result is authentic, the correlation is significant and there is a positive spatial autocorrelation in the overall pattern. 
Using ArcGIS zoning statistical functions, we obtained the average accessibility of 1972 town administrative units in the Qinghai-Tibet Plateau area over the study period. GeoDa software was applied to analyze the accessibility level of township units in the study area. After the spatial autocorrelation analysis of the accessibility values of townships in nine particular years (Table 3) , we found that Moran's I index is greater than 0.95 (p < 0.05), indicating that the change in accessibility and adjacent units is positively related, the statistical result is authentic, the correlation is significant and there is a positive spatial autocorrelation in the overall pattern. From 1976 to 2016, the Global Given the global Moran's I index cannot judge whether the statistical significance between the local correlation type and its cluster region is significant; therefore, the GeoDa local autocorrelation analysis was used to judge the distribution of high-accessibility value cluster regions and low-accessibility value cluster regions, to probe the spatial pattern evolution trend of the accessibility level of QTP township units in 1976-2016. As shown in Figure 4 (all results have passed the significance level test of 5%), the proportion of high-high accessibility value townships and low-low accessibility townships remained stable at around 15% and 29% respectively. On the whole, Ali, Qiangtang Plateau, Hoh Xil and other regions had high-high valued cluster areas from the perspective of the spatial pattern and the surrounding townships of the central cities had low-accessibility value cluster areas. However, the spatial pattern changed significantly with the opening of the Golmud-Lhasa section of the Qinghai-Tibet Railway. Before 2006, the spatial pattern change in township accessibility level was concentrated in the extension of low-low cluster areas around Delingha, Maerkang and Lhasa-Shigatse and the better development trend of the accessibility level of towns, such as Pitou, Chaka and Nimu. Since 2006, the opening of the Qinghai-Tibet Railway to traffic improved the accessibility level along the railway; the accessibility value in high-high cluster areas, such as Anduo, Nagqu and Hoh Xil decreased, while the accessibility value in Ganzi, Changdu and other regions increased and the number of townships with relatively decreased accessibility levels slightly increased. Figure 4 (all results have passed the significance level test of 5%), the proportion of high-high accessibility value townships and low-low accessibility townships remained stable at around 15% and 29% respectively. On the whole, Ali, Qiangtang Plateau, Hoh Xil and other regions had high-high valued cluster areas from the perspective of the spatial pattern and the surrounding townships of the central cities had low-accessibility value cluster areas. However, the spatial pattern changed significantly with the opening of the Golmud-Lhasa section of the Qinghai-Tibet Railway. Before 2006, the spatial pattern change in township accessibility level was concentrated in the extension of low-low cluster areas around Delingha, Maerkang and Lhasa-Shigatse and the better development trend of the accessibility level of towns, such as Pitou, Chaka and Nimu. Since 2006, the opening of the Qinghai-Tibet Railway to traffic improved the accessibility level along the railway; the accessibility value in high-high cluster areas, such as Anduo, Nagqu and Hoh Xil decreased, while the accessibility value in Ganzi, Changdu and other regions increased and the number of townships with relatively decreased accessibility levels slightly increased. 
Distributive Effects in Transport Infrastructure at the Town Scale
With the accessibility coefficient and relative accessibility, we were able to explore the distributive effects of transport infrastructure development at the township level in the study area from 1976 to 2016. 
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Accessibility Coefficient
Based on the accessibility level of a town to a major city (Figure 5) , from 1976 to 2016, the closer a town was to a major city, the smaller the accessibility coefficient. Towns near a major city had small accessibility coefficients and the accessibility of towns in the Qaidam Basin-Xining-Haidong-Hezuo, Shigatse-Lhasa-Shannan-Linzhi (the Middle Region of One River and Two Streams in Tibet), Changdu-Yushu, Maerkang-Kangding, Shangrila-Lijiang-Lushui and Kashi-Hotan regions was above average. Being far from a major city and a lack of high-grade land transport networks were the main reasons for the relatively high accessibility coefficient of the towns in Ngari. Western Shigatse, Qiangtang Plateau, Ruoqiang and other areas far from major cities also had high accessibility coefficients and their access to the nearest major city was relatively poor. Towns with the most significant accessibility coefficient changes (Nagqu, Anduo, Nierong and Hoh Xil) were along the Qinghai-Tibet Railway, which was constructed and began operations in 2006. The main reason for the large difference in the accessibility coefficients between villages and towns was that the construction of the transport network was closely related to the level of local social and economic development. The eastern part of the Qinghai-Tibet Plateau area is a relatively concentrated population center with towns and resources, so major transport infrastructure is usually constructed first in these areas. For example, the Qinghai-Tibet Railway was first built in the Huangshui Valley, the Qaidam Basin and other areas where population, towns and resources were dense. Then, the railway passed through the Hoh Xil and Kunlun Mountains to connect Lhasa and then extended to areas with relatively lower populations, towns and resources, such as the LhasaShigatse Railway and Korla-Golmud Railway. Highways in the study area were first extended from Lanzhou to Haidong and Xining, then around the Qinghai Lake, connecting Gonghe, Dulan, Delingha, Xitieshan, Golmud and Dunhuang. 
Relative Accessibility
From 1976 to 2016, the transport network in the study area changed dramatically in quantity and quality. The relative accessibility of Ali was higher than the changes in accessibility from towns to the nearest major city. The relative accessibility values for towns around the major cities were small ( Figure 6 ). From 1976 to 1991, the influence of the transport network on Ali was stronger than in other areas and it had a weaker influence on the accessibility level of towns around the major cities. In addition to Ali, the relative accessibility values for towns in 1991-1996 were greater, such as in Zaduo, Baqing, Nierong and Anduo. By 2001, the relative accessibility value of Ali was higher than all other regions. With the opening of the Golmud-Lhasa section of the Qinghai-Tibet Railway in 2006, the improvement in accessibility of towns in North Nagqu and Hoh Xil was the most striking. From 2011 to 2016, towns with relatively high accessibility value were mainly distributed in Ali. The relative accessibility values for towns in Yecheng, Pishan and Hotan were also large. Therefore, future development of the transport network in this area will improve the accessibility level of rural areas like Ali. Transport infrastructure usually develops in focal areas, connects important traffic nodes and then extends to the entire region, changing the absolute difference in the accessibility between different nodes in the region. From 1976 to 2016, the maximum accessibility coefficient at the township level in the study area was concentrated in Ali, including Chulusongjie, Qusong, Sarangduotuolin and Daba. The maximum value of the accessibility coefficient increased with time from 6.19 in 1976 to 6.32 in 2001 and up to 6.67 in 2016, indicating that the overall accessibility level was rising. However, the difference in transport infrastructure between regions gradually expanded, especially in Ali.
The main reason for the large difference in the accessibility coefficients between villages and towns was that the construction of the transport network was closely related to the level of local social and economic development. The eastern part of the Qinghai-Tibet Plateau area is a relatively concentrated population center with towns and resources, so major transport infrastructure is usually constructed first in these areas. For example, the Qinghai-Tibet Railway was first built in the Huangshui Valley, the Qaidam Basin and other areas where population, towns and resources were dense. Then, the railway passed through the Hoh Xil and Kunlun Mountains to connect Lhasa and then extended to areas with relatively lower populations, towns and resources, such as the Lhasa-Shigatse Railway and Korla-Golmud Railway. Highways in the study area were first extended from Lanzhou to Haidong and Xining, then around the Qinghai Lake, connecting Gonghe, Dulan, Delingha, Xitieshan, Golmud and Dunhuang.
From 1976 to 2016, the transport network in the study area changed dramatically in quantity and quality. The relative accessibility of Ali was higher than the changes in accessibility from towns to the nearest major city. The relative accessibility values for towns around the major cities were small ( Figure 6 ). From 1976 to 1991, the influence of the transport network on Ali was stronger than in other areas and it had a weaker influence on the accessibility level of towns around the major cities. In addition to Ali, the relative accessibility values for towns in 1991-1996 were greater, such as in Zaduo, Baqing, Nierong and Anduo. By 2001, the relative accessibility value of Ali was higher than all other regions. With the opening of the Golmud-Lhasa section of the Qinghai-Tibet Railway in 2006, the improvement in accessibility of towns in North Nagqu and Hoh Xil was the most striking. From 2011 to 2016, towns with relatively high accessibility value were mainly distributed in Ali. The relative accessibility values for towns in Yecheng, Pishan and Hotan were also large. Therefore, future development of the transport network in this area will improve the accessibility level of rural areas like Ali. From 1981 to 2016, the maximum relative accessibility of towns in the study area increased (Table 4 ) but the development of the transport network better alleviated traffic problems in Ali than in other areas. This was consistent with the spatial spillover effects of transport infrastructure found in previous studies [25, 65] . Towns with larger relative accessibility from 1981 to 1991 were mainly distributed in Ali and the maximum value increased from 6.09 to 6.21. In 1996, it dropped to 5.73, rose to 6.38 in 2001 and remained above 6.80 in 2006-2016. Towns with smaller relative accessibility values were mainly located in the areas surrounding major cities. Their accessibility to the nearest major cities was good and transport development had less of an impact on them than areas with poor transportation conditions. From 1981 to 2016, the maximum relative accessibility of towns in the study area increased (Table 4 ) but the development of the transport network better alleviated traffic problems in Ali than in other areas. This was consistent with the spatial spillover effects of transport infrastructure found in previous studies [25, 65] . Towns with larger relative accessibility from 1981 to 1991 were mainly distributed in Ali and the maximum value increased from 6.09 to 6.21. In 1996, it dropped to 5.73, rose to 6.38 in 2001 and remained above 6.80 in 2006-2016. Towns with smaller relative accessibility values were mainly located in the areas surrounding major cities. Their accessibility to the nearest major cities was good and transport development had less of an impact on them than areas with poor transportation conditions. The above analysis showed that the accessibility coefficient and relative accessibility revealed distributive effects and spatial fairness of the accessibility due to the development of transport infrastructure in the Qinghai-Tibet Plateau area from different dimensions. The accessibility coefficient compares average accessibility at the township level at certain times, reflecting differences in accessibility improvements in different regions due to traffic development. The accessibility coefficient has clear spatial effects, such as the opening of the Qinghai-Tibet Railway, which improved the accessibility level of towns along the line and exacerbated the transportation conditions in the inaccessible areas and spatial unfairness in the transport infrastructure within the region. Relative accessibility is the degree of change in the accessibility of towns over a certain period relative to the overall accessibility of the region, which can represent the distributive effects of transport development at different periods. Therefore, research on the distributive effects and characteristics of transport infrastructure is important for exploring the spatial fairness of the transport network development in different regions.
Impact of Transport Development on Accessibility Fairness at the Township Level
The distributive effects and accessibility of transport infrastructure include not only the concept of space but also the concept of fairness. From Table 5 the global CV value in the Qinghai-Tibet Plateau area showed an increasing trend and the CV value increased by 0.0028 in absolute value from 1976 to 1996. Since the implementation of the China Western Development plan, CV increased from 0.8064 in 1996 to 0.8205 in 2001 and rose to 0.8538 in 2016. A larger CV value indicates that the development of the transport network was decreasing the spatial fairness of accessibility of the townships, which is a negative fairness effect. This indicates that the regional transport accessibility tended to be unfairly distributed in space, especially after the introduction of the China Western Development plan. Before 2000, the Qinghai-Tibet Plateau area was mainly dominated by ordinary highways and the railway failed to fully exert its effect on the accessibility of townships due to technical restrictions. After 2000, with the railway construction and the acceleration of trains, as well as the development of high-grade highways, the accessibility pattern changed and the corridor effect gradually appeared along the important arterial traffics, leading to the decrease in accessibility fairness. The expansion of important traffic lines usually leads to changes in the spatial fairness of accessibility in a whole region [60, 64] . As can be seen from Figure 7 , the spatial distribution of accessibility was relatively balanced in Ali-Ruoqiang-Hotan, Western Shigatse, Guoluo and Central Ganzi, as well as Baqing, Bianba and Sog in Nagqu. The local CV values were higher in the townships around major cities, such as Xining, Changdu and Golmud and the spatial fairness of accessibility was poor. The local CV values of Nagqu and Hoh Xil were smaller in 1976-2001 and larger in 2006-2016, indicating that the accessibility fairness in these regions changed from a balanced to an unbalanced spatial pattern. The important driving factor was due to the unfairness of spatial distribution of accessibility intensifying after the completion and opening of the Golmud-Lhasa section of the Qinghai-Tibet railway. Simultaneously, the extension of the expressway network led to poor accessibility fairness in the townships along the railway, mainly focusing on Tianjun and Dulan in the Eastern Qaidam Basin.
2016, indicating that the accessibility fairness in these regions changed from a balanced to an unbalanced spatial pattern. The important driving factor was due to the unfairness of spatial distribution of accessibility intensifying after the completion and opening of the Golmud-Lhasa section of the Qinghai-Tibet railway. Simultaneously, the extension of the expressway network led to poor accessibility fairness in the townships along the railway, mainly focusing on Tianjun and Dulan in the Eastern Qaidam Basin. 
Discussion
We analyzed the spatial patterns of transport development in the Qinghai-Tibet Plateau area from 1976 to 2016 and determined the distributive effects and spatial fairness of transport based on serval indicators at the township level. The importance of transport infrastructure to the country and region is evident, especially in the Qinghai-Tibet Plateau area, which is not only the most unique Qinghai-Tibet alpine-cold traffic zone in the world [66] but also the most unique natural 
We analyzed the spatial patterns of transport development in the Qinghai-Tibet Plateau area from 1976 to 2016 and determined the distributive effects and spatial fairness of transport based on serval indicators at the township level. The importance of transport infrastructure to the country and region is evident, especially in the Qinghai-Tibet Plateau area, which is not only the most unique Qinghai-Tibet alpine-cold traffic zone in the world [66] but also the most unique natural environment on earth, providing a natural laboratory for the study of the coordinated development of human-earth relations. However, there are some limitations to the study in terms of transport infrastructure, accessibility and fairness. We mainly discussed the spatial distribution of accessibility and only considered the social needs of different regions. Given that the vast majority of Tibetans are seasonal nomadic herdsmen (grazing at high altitudes in summer and grazing along low altitude highways and around towns in winter), living locations are not fixed. Transport infrastructure provides these people with the most basic travel avenues for shopping, education, health care and so forth. As mentioned above, although the research on spatial fairness is not perfect, it is important to improve the living standards of local residents and regional cohesion. The development of transport infrastructure, especially air transportation and high-speed land transportation (such as highways and high-speed railways) in Western China, will have spatial impacts on a wider range of social, economic and land use factors, which need to be studied further.
Conclusions
The Qinghai-Tibet Plateau area is a unique geological, geographical, ecological and population region. It is also an important environmental security barrier and a concentrated area of severe poverty in China. Research on transport infrastructure development and its spatial effects is a critical starting point for the coordinated development of the human-environment relationships, which has important practical and theoretical significance. The main conclusions are as follows:
(1) With the construction and development of the transport network, the accessibility to the major cities of any place in the Qinghai-Tibet Plateau area improved continuously with significant time-space convergence effects. Important traffic arteries played a positive role in improving the accessibility of the area. Major transport infrastructure like the Qinghai-Tibet Railway had important impacts on the accessibility of the Hoh Xil and Nagqu areas. The accessibility level in the areas far from major cities (such as Ali Prefecture) also changed significantly. Areas with good accessibility level gradually expanded from those near the major cities to contiguous areas like Qaidam Basin-Xining-Haidong and the Middle Region of One River and Two Streams in Tibet. (2) The spatial autocorrelation analysis of the accessibility value of townships shows that the construction of important transport infrastructure (such as the Qinghai-Tibet Railway) has a significant impact on the agglomeration of accessibility and can improve the accessibility level of the areas along the railway. (3) The development of transportation enables access to major cities. After more than 40 years of transport construction and development, the access time to the nearest major city was dramatically shortened. Due to the government's huge investment in transportation, more Tibetans have more opportunities to travel to cities to enjoy better education, medical treatment, life opportunities and other services. (4) The overall accessibility level of the Qinghai-Tibet Plateau area improved over the studied 40 years but transport construction had different distributive effects on the region. The accessibility coefficient indicates that, generally, the closer a town to the central city, the smaller its value. Relative accessibility reflects the impact of transport infrastructure construction on other places, which is a spatial spillover effect of transport infrastructure investment. Here, the construction of major transport infrastructure not only rapidly improved the accessibility of areas where construction occurred but also the accessibility of the whole region. (5) From 1976 to 2016, the global CV value of the Qinghai-Tibet Plateau area presented an increasing trend, indicating that the global transport accessibility tended to be unfairly distributed in space, especially after China Western Development, transport unfairness was more significant. In the future, with the construction of the Sichuan-Tibet Railway, Xinjiang-Tibet Railway and highways, the spatial fairness of transport is expected to improve.
In the past, the Chinese government implemented policies and planned the transport network, prioritizing superiority of efficiency over fairness, which led to priority planning and construction of transport infrastructure in areas with better economic conditions, such as in Yangtze River Delta and Eastern China. However, the government has gradually shifted to paying equal attention to efficiency and fairness or even giving priority to fairness. European and American scholars have earlier noticed the fairness of social resources, which is exactly what China's current regional planning lacks. Therefore, the study of spatial fairness in the Qinghai-Tibet Plateau area is helpful to understand the social effects of transportation planning in China today and the sustainable transport development in the future.
